Two new steroidal saponins, (25R)-spirost-5-ene-3b,26b
Introduction
Cestrum is the second largest genus of the Solanaceae family, with 150 species distributed in tropical and subtropical America, 50 of which occurring in Brazil [1] [2] . As particular to some Solanaceae genera, several species have been reputed as poisonous plants and the search for active compounds revealed a prolific source of bioactive steroids saponins containing spirostanol or furostanol glycoside skeletons [2] [3] [4] [5] [6] [7] .
Cestrum laevigatum L. is an evergreen shrub native to South America and has been introduced to South Africa. It is widespread into natural grasslands, forests, riparian habitats, and coastal dunes, where is popularly known as ''coerana", ''lady of the night" and ''corana". The dried leaves are used in traditional medicine as treatment for malaria and fever [8] , and smoked by the Mapuche Indian of southern Chile as a substitute for cannabis [9] . Although commonly used for ornamental purposes, C. laevigatum is considered the most lethal plant to mammals, among the group of common invasive species that cause liver damage. For this reason, is one of toxic plants of greater importance in Brazilian livestock for its wide distribution and economic losses, and its growth is severely controlled or eradicated into pastureland [10, 11] .
In the course of our search for bioactive natural compounds we report the isolation and structural characterization of two new sapogenins (25R)-spirost-5-ene-3b,26b-diol 3-O-a-L-rhamnopyranosyl-(1 ? (3) [12] , chonglouoside SL-5 (4) [13] and formosanin C (5) [14] . The promyelocytic leukemia (HL-60), ovarian carcinoma (OVCAR-8), colorectal adenocarcinoma (HCT-116) and glioma (SF-295) cell lines were performed (see Fig. 1 ).
Experimental

General experimental procedures
Melting points were obtained on a MetllerToledo-FP82HT and were uncorrected. IR spectra were recorded as KBr pallets on a Perkin-Elmer FT-IR Spectrum 1000 using KBr. The NMR spectra were performed on Bruker Avance DRX 300 or on Avance DRX500 MHz equipped with an inverse detection probe head and z-gradient accessory. 
Extraction and isolation
Leaves of C. laevigatum (1.14 kg) were pulverized and extracted with EtOH (3 Â 9.0 L) at room temperature. The solvent was removed under reduced pressure to yield a dark green residue (131.4 g).
Part of EtOH extract (91.0 g) was dissolved in a mixture of MeOH:H 2 O (1:1 v/v) and submitted to liquid-liquid partition chromatography with hexane, CHCl 3 , EtOAc and n-BuOH to give four fractions: hexane (0.11 g), CH 2 Cl 2 (27.1 g), EtOAc (11.3 g) and nBuOH (32.0 g).
An aliquot of the n-BuOH fraction (2.0 g) was rechromatographed on Sephadex LH-20 (10.0 g) (column 2.5 cm Â 10 cm) to afford forty-five fractions (3.0 mL) that were pooled together into five resulting sub-fractions after TLC analysis. Sub-fraction F-3 (1. 
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Acid hydrolysis and sugar analysis
Compounds 1 and 2 (5.0 mg) were dissolved in 2 M HCl (dioxane/H 2 O, 1:1, 2 mL) and stirred at 90°C for 2 h. After cooling, the reaction mixture was neutralized with solution of 1 M NaOH, extracted with CH 2 Cl 2 (3 Â 5 mL), and the aqueous layer was evaporated to give a mixture of monosaccharides. The residue was dissolved in hexamethyldisilazane/trimethylchlorosilane/pyridine 
Cytotoxic activity
The tested tumor cell lines (colorectal adenocarcinoma HCT-116, ovarian carcinoma OVCAR-8, human promyelocytic leukemia HL-60 and glioma SF-295) were kindly donated by the National Cancer Institute (Bethesda, MD, USA). Cells were maintained in RPMI 1640 medium supplemented with 10% fetal bovine serum, 2 mM glutamine, 100 U mL À1 penicillin, and 100 lg mL À1 streptomycin at 37°C with 5% CO 2 . The cytotoxicity of the isolated compounds was tested the against tumor cell lines using the 3-(4,5-dimethyl-2-thiazolyl-2,5-diphenyl-2H-tetrazolium bromide) (MTT) (Sigma Aldrich Co., St. Louis, MO/USA) reduction assay [16] . Cells were plated in 96-well plates (10 5 ) were dissolved in DMSO, added to each well using the HTS -high-throughput screening-biomek 3000-Beckman Coulter (Inc. Fullerton, California, USA), and incubated for 72 h. Doxorubicin was used as [17] . Wells with 6 mm diameter were made in the agar overlay of the Petri dish [18] . To those wells, a volume of 20 lL (1000 lg mL À1 ) of the obtained compounds was applied. The plates were incubated for 20 h at 35°C. The solvents and diluents used in the compounds dissolution were used as negative control.
In vitro antifungal activity
The broth microdilution (BMD) antifungal susceptibility test was performed according to M27-A3 protocol using RPMI broth (pH 7.0) buffered with 0.165 M MOPS [3-(N-morpholino)propanesulfonic acid] (Sigma-Aldrich, St Louis, MO, USA) [19] . Compounds were dissolved in dimethyl sulfoxide (DMSO; Sigma-Aldrich) and tested at concentrations ranging from 1.95 to 1000 lg mL À1 . The yeasts and compounds were incubated in 96-well culture plates at 35°C for 24 h and the results were examined visually. The minimum inhibitory concentration (MIC) of each compound was determined as the concentration that inhibited 50% of fungal growth. -spirostanol skeleton, showed a good match with those related to gitogenin [20] . The only difference was the replacement of the signal of the oxymethylene C-26 in gitogenin at d C 67.1, for one additional dioxymethine carbon at d C 97.2 in 1, suggesting hydroxylation of C-26 on the ring F.
Results and discussion
All proton and carbon signals were fully assigned heteronuclear single-quantum coherence (HSQC) and HMBC spectra ( Table 1) 
Compound 2 was isolated as a yellow resin. The support for a spirostanol steroid skeleton came from the comparative analysis of its MS and NMR data with those observed for compound 1. It had also a molecular formula C 51 H 83 O 21 on the basis of HRESIMS ions peak at m/z 1031.5427 (calcd 1031.5427).
The 1 H NMR spectral data of 2 were also quite similar to those of 1, except the by the absence of the dioxymethyne hydrogen at d The assignments of the signals related to the sugar carbons, as well as their sequence were established by long-range connectivities in the HMBC spectrum (Table 1) . Moreover, the location of the hydroxylated carbon at C-5 and the D suggested that these carbons were subjected to a c-gauche shielding effect of the C-5 hydroxyl group, that consequently was axially oriented. In addition, the methyl group equatorially-oriented was determined by the diagnostic assignments observed for the carbons at C-23, C-24, C-25 and C-26 in comparison with those reported by Agrawal et al. [19] .
As observed in 1, the glucopyranosyl moiety presented a b-anomeric configuration based on the large vicinal coupling constant value of 7.8 Hz of the anomeric proton at d Thus, the structure of 2 was elucidated as the (25R)-spirost-6-ene-3b,5b
The known compounds were identified as (25R)-spirost-5- [14] after extensive NMR spectral data analysis and comparison of its spectroscopic data with those reported in the literature.
The isolation of steroidal saponins is already reported for several species of different genera of Solanaceae as spirostane, furostane and spirofurostane sapogenins skeletons [21] [22] [23] [24] . Although a large number of compounds belonging to the 5 D-spirostane series have been reported, the structure of 6 D-spirostane skeleton as observed for compound 2, is a feature never reported for this class of compounds. In addition, the uncommon hydroxylation at C-26 on the six membered pyran ring observed for 1 is noteworthy.
The structure-cytotoxicity relationship of steroidal saponins has been discussed and it has been established that aglycone played an important role in biological activity, while the type, length, linkage as well as the substituents of the glycosyl chain influenced the cell recognition and regulation of biological activity [25] . A literature survey has revealed that the cytotoxic activity of formosanin C (5) has been well documented and it has recently emerged as potential antitumor agent [26] [27] [28] .
Compounds 1-5 were evaluated against four human cancer cell lines colorectal adenocarcinoma (HCT-116), ovarian carcinoma (OVCAR-8), human promyelocytic leukemia (HL-60) and glioma (SF-295) ( Table 2 , respectively, while compounds 1-4 were inactive.
These findings can suggest that the (1 ? 2)-a-L-rhamnopyranosyl linkage of the inner glucosyl moiety can be important for cytotoxic activity, since the compound 3 was inactive in all cancer cell lines and microorganisms. The modifications on the diosgenyl aglycone structure by the introduction of a hydroxyl group at C-26 on compound 1, one carbonyl group at C-6 on 4, or changes of the double bond in the 6 D-spirostene skeleton showed only weak cytotoxic results, and no antimicrobial activities were observed.
Conclusion
The isolation of spirastone glycosides in C. laevigatum is in accordance with the previous reports about the Cestrum genus and the Solanaceae family. However, the occurrence of a 6 D-spirostane skeleton is an unprecedented feature in the literature. The cytotoxic activity against HCT-116, OVCAR-8, HL-60 and SF-295 cancer cell lines showed formosanin C (5) as the most active against all cell lines, while compounds 1 and 2 showed moderated activity against HL-60. Formosanin C (5) also showed selective antimicrobial effects against C. parapsilosis and C. albicans while compounds 1-4 were inactive. The current results suggest that the Cestrum genus is an important source of structurally interesting and biologically active steroidal saponins. 
